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1
NMOS REVERSE BATTERY PROTECTION

FIELD OF THE INVENTION

The present invention relates to reverse voltage protec-
tion.

BACKGROUND OF THE INVENTION

When a circuit 1s powered by a voltage source, there will
often be adverse eflects if the voltage source 1s connected
with reverse polarity. For example, a vehicle has positive
and negative battery cables that connect to positive and
negative terminals ol a battery. If the positive cable 1s
attached to the negative terminal of the battery and the
negative cable 1s attached to the positive terminal of the
battery, the voltage source 1s connected with reverse polar-
ity.

Referring now to FIG. 1A, an electrical schematic of a
circuit 100 1mncorporating a fuse-based reverse polarity pro-
tection system according to the prior art 1s presented. This
circuit includes a transistor 102. In this implementation the
transistor 102 1s an n-channel metal-oxide semiconductor
ficld-efiect transistor (MOSFET) that has a gate, source,
drain, and body, although other transistor types may be used.
A first terminal of a voltage source 104 communicates with
a first terminal of a fuse 106. A second terminal of the fuse
106 communicates with a negative terminal of a first diode
108 and with a first terminal of an inductor 110. A positive
terminal of the first diode 108 communicates with a second
terminal of the voltage source 104. A second terminal of the
inductor 110 communicates with the drain of the transistor
102 and with a positive terminal of a second diode 112. The
source and the body of the transistor 102 communicate with
the second terminal of the voltage source 104. A negative
terminal of the second diode 112 communicates with a first
terminal of a capacitor 114. A second terminal of the
capacitor 114 communicates with the second terminal of the
voltage source 104.

In normal operation, voltage at the first terminal of the
voltage source 104 1s positive 1n reference to the second
terminal of the voltage source 104. The fuse 106 operates as
a small resistance, and the first diode 108 1s reverse biased.
Current tlows through the inductor 110 and then into the
transistor 102 and/or the second diode 112. One of the
disadvantages of this approach is that current must always
flow through the fuse 106, regardless of whether 1t later
flows through the transistor 102 or through the second diode
112. The fuse must be rated for this continuous current, and
dissipates power continuously.

Referring now to FIG. 1B, an electrical schematic 120
depicts the circuit of FIG. 1A when the voltage source 1s
connected with reverse polarity. To make operation more
apparent, the circuit has been redrawn upside down. The
body of the transistor 102 1s now at the highest potential in
the circuit. The pn junction between the body of the tran-
sistor 102 and the source of the transistor 102 1s now
torward-biased. Without the protection afforded by the fuse
106, the pn junction of the transistor 102 would conduct as
much current as the voltage source 104 could provide. This
large current may damage the transistor 102.

Instead, the first diode 108 1s now forward biased and
conducts as much current as the voltage source 104 will
allow. The large amount of current quickly blows the fuse
106, effectively disconnecting the voltage source 104 from
the remainder of the circuit. The fuse 106 must be replaced
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once the polarnty of the voltage source 104 1s corrected, a
disadvantage of this approach 1n terms of replacement costs
and labor.

Referring now to FIG. 2A, an electrical schematic of a
circuit 140 incorporating a PMOS-based reverse polarity
protection system according to the prior art 1s presented.
This circuit includes first and second transistors, 142 and
144, respectively. In this implementation the first transistor
142 1s a p-channel MOSFET and the second transistor 144
1s an n-channel MOSFFET, each having a gate, source, drain,
and body, although other transistor types may be used. A first
terminal of a voltage source 146 communicates with the
drain of the first transistor 142. The gate of the first transistor
142 communicates with a second terminal of the voltage
source 146. The source and the body of the first transistor
142 communicate with a first terminal of an inductor 148. A
second terminal of the inductor 148 communicates with a
positive terminal of a diode 150 and with the drain of the
second transistor 144. A negative terminal of the diode 150
communicates with a first terminal of a capacitor 152. A
second terminal of the capacitor 152 and the source and the
body of the second transistor 144 communicate with the
second terminal of the voltage source 146.

In normal operation, the gate-to-source voltage (V o) of
the first transistor 142 1s less than zero, and the first transistor
142 conducts current. Because the voltage drop of the first
transistor 142 1s interposed between the first terminal of the
voltage source 146 and the first terminal of the inductor 148,
the possible voltage that can be applied across the capacitor
152 1s decreased. In addition, all current flows through the
first transistor 142, regardless of whether i1t then flows
through the second transistor 144 or the diode 150. This
requires the use of a more expensive transistor.

Referring now to FIG. 2B, an electrical schematic 160
depicts the circuit of FIG. 2A when the voltage source 146
1s connected with reverse polarity. To make operation more
apparent, the circuit has been redrawn upside down. The
gate of the first transistor 142 1s now connected to the supply
voltage. The voltage at the source of the first transistor 142
can be no greater than the supply voltage, so V ..=0. The
first transistor 142 1s thus turned ofl, and no current will flow
in the circuit.

SUMMARY OF THE INVENTION

A reverse polarity protected system 1s presented for a
voltage source that includes positive and negative terminals.
The system comprises a polarity-sensitive device that has a
first terminal that communicates with the positive terminal
of the voltage source, and that includes a second terminal.
The system further comprises a low-resistance switch that
communicates with the positive terminal of the voltage
source, the negative terminal of the voltage source, and the
second terminal of the polarity-sensitive device. The low-
resistance switch assumes a conducting state between the
negative terminal ol the voltage source and the second
terminal of the polarity-sensitive device when a first voltage
at the positive terminal of the voltage source minus a second
voltage at the negative terminal of the voltage source 1s
greater than a first threshold voltage. Otherwise, the low-
resistance switch assumes a non-conducting state between
the negative terminal of the voltage source and the second
terminal of the polarity-sensitive device when the first
voltage minus the second voltage 1s less than a second
threshold voltage.

In other features, the low-resistance switch includes an
n-channel field effect transistor (FE'T) that has a gate termi-
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nal, a drain terminal, a source terminal, and a body terminal.
In still other features, the first and second threshold voltages
are equal to a physical threshold voltage of the transistor.

In still other features, the gate terminal of the transistor
communicates with the positive terminal of the voltage
source, the drain terminal of the transistor communicates
with the second terminal of the polanty-sensitive device,
and the source and body terminals of the transistor commu-
nicate with the negative terminal of the voltage source.

Further areas of applicability of the present invention will
become apparent from the detailled description provided
hereinafter. It should be understood that the detailed descrip-
tion and specific examples, while indicating the preferred
embodiment of the immvention, are intended for purposes of
illustration only and are not intended to limait the scope of the
invention.

BRIEF DESCRIPTION OF THE

DRAWINGS

The present invention will become more fully understood
from the detailed description and the accompanying draw-
ings, wherein:

FIG. 1A 1s an electrical schematic of a circuit incorpo-
rating a fuse-based reverse polarity protection system
according to the prior art;

FI1G. 1B 1s an electrical schematic of the circuit of FIG. 1A
depicting the voltage source connected with reverse polarity;

FIG. 2A 1s an electrical schematic of a circuit icorpo-
rating a PMOS-based reverse polarity protection system
according to the prior art;

FIG. 2B 1s an electrical schematic of the circuit of FIG. 2A
depicting the voltage source connected with reverse polarity;

FIG. 3A 1s an electrical schematic of an exemplary circuit
incorporating a reverse polarity protection system according
to the principles of the present invention;

FIG. 3B 1s an electrical schematic of the exemplary circuit
of FIG. 3A depicting the voltage source connected with
reverse polarity; and

FIG. 4 1s a block diagram of an exemplary system
incorporating a reverse polarity protection system according
to the principles of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(L]

The following description of the preferred embodiments
1s merely exemplary 1n nature and 1s 1n no way 1ntended to
limit the invention, 1ts application, or uses. For purposes of
clanity, the same reference numbers will be used in the
drawings to 1dentily similar elements.

Referring now to FIG. 3A, an electrical schematic of an
exemplary circuit 180 incorporating an NMOS-based
reverse polarity protection system 1s presented. This circuit
includes first and second transistors, 182 and 184, respec-
tively. In this implementation the first and second transistors,
182 and 184, are n-channel MOSFETs that each have a gate,
source, drain, and body, although other transistor types may
be used.

A first terminal of a voltage source 186 communicates
with a first terminal of an inductor 188. A second terminal
ol the mmductor 188 communicates with the drain of the first
transistor 182, and also with a positive terminal of a diode
190. A first terminal of a drive circuit 191 communicates
with the gate of the first transistor 182. A second terminal of
the drive circuit 191 communicates with the source of the
first transistor 182. A negative terminal of the diode 190
communicates with a first terminal of a capacitor 192. A

10

15

20

25

30

35

40

45

50

55

60

65

4

second terminal of the capacitor 192 communicates with a
second terminal of the voltage source 186. The body and the
source ol the first transistor 182 communicate with the
source and the body of the second transistor 184. The gate
of the second transistor 184 communicates with the first
terminal of the voltage source 186. The drain of the second
transistor 184 communicates with the second terminal of the
voltage source 186.

In one embodiment, the drive circuit 191 outputs a pulse
width modulated square wave signal to the gate of the first
transistor 182. This causes the exemplary circuit 180 to act
as a boost converter, with the duty cycle of the square wave
signal controlling the average and ripple voltages across the
capacitor 192.

In normal operation, the gate-to-source voltage (V ;o) of
the second transistor 184 1s positive, and the second tran-
sistor 184 conducts current. The second transistor 184
conducts current only when current flows through the first
transistor 182. When the first transistor 182 switches ofl,
current forced through the diode 190 does not flow through
the second transistor 184. This increases the possible voltage
that can be created across the capacitor 192 by not inter-
posing the voltage drop of the second transistor 184 into the
current path leading from the voltage source 186 to the
capacitor 192. In addition, the second transistor 184 can be
less expensive than 1t would be 11 1t had to sustain continuous
current tlow.

Referring now to FIG. 3B, an electrical schematic 200
depicts the exemplary circuit of FIG. 3A when the voltage
source 186 1s connected with reverse polarity. To make
operation more apparent, the circuit has been redrawn upside
down. The gate of the second transistor 184 i1s now at the
lowest voltage potential 1n the circuit. The voltage at the
source of the second transistor 184 can be no less than the
lowest voltage potential in the circuit, so V..=0. The
second transistor 184 1s thus turned ofl, and no current will
flow 1n the circuit.

Referring now to FIG. 4, a block diagram of an exemplary
system 220 incorporating a reverse polarity protection sys-
tem according to the principles of the present invention 1s
presented. FIG. 3A depicts a specific implementation of this
exemplary system 220. A positive terminal of a voltage
source 222 communicates with a first terminal of a polarity-
sensitive device 224 and with a first terminal of a low-
resistance switch 226. A second terminal of the polarity-
sensitive device 224 communicates with a second terminal
of the low-resistance switch 226. A third terminal of the
low-resistance switch 226 communicates with a negative
terminal of the voltage source 222. Optionally, a first ter-
minal of a load 228 communicates with a third terminal of
the polarity-sensitive device 224, and a second terminal of
the load 228 commumnicates with the negative terminal of the
voltage source 222.

The wvoltage source 222 provides a supply voltage
between its positive and negative terminals. The polarity-
sensitive device 224 1s a device that 1s preferably operated
only when the voltage applied to 1t 1s positive. To this end,
the low-resistance switch 226 assumes a conducting state
when the supply voltage 1s greater than a threshold voltage,
and a non-conducting state when the supply voltage 1s less
than the threshold voltage. The low-resistance switch 226 1s
designed to offer a low resistance connection between the
voltage source 222 and the polarity-sensitive device 224 in
the conducting state. Any current transierred to the load 228
from the polanty-sensitive device 224 does not flow through
the low-resistance switch 226, and instead tlows directly to
the second terminal of the voltage source 222. The low-
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resistance switch 226 thus generates no loss for current
flowing through the load 228.

Those skilled in the art can now appreciate from the
foregoing description that the broad teachings of the present
invention can be implemented 1n a variety of forms. There-
fore, while this invention has been described in connection
with particular examples thereof, the true scope of the
invention should not be so limited since other modifications
will become apparent to the skilled practitioner upon a study
of the drawings, the specification and the following claims.

What 1s claimed 1s:

1. A reverse polarity protected system for a voltage source
that includes positive and negative terminals, comprising:

a polarity-sensitive device that has a first terminal that
communicates with the positive terminal of the voltage
source, and that includes a second terminal;

a low-resistance switch that has a first terminal that
communicates with the positive terminal of the voltage
source, a second terminal that communicates with the
negative terminal of the voltage source, and a third
terminal that communicates with said second terminal
of said polarity-sensitive device,

wherein said low-resistance switch assumes a conducting
state between 1ts second and third terminals when a first
voltage at the positive terminal of the voltage source
minus a second voltage at the negative terminal of the
voltage source 1s greater than a first threshold voltage,
and wherein said low-resistance switch assumes a
non-conducting state between its second and third
terminals when said first voltage minus said second
voltage 1s less than a second threshold voltage; and

a drive circuit having first and second terminals, wherein
said first terminal of said drive circuit communicates
with a control terminal of said polanty-sensitive
device, and said second terminal of said drive circuit
communicates with said second terminal of said polar-
ity-sensitive device.

2. The reverse polanty protected system of claim 1
wherein said drive circuit produces a pulse-width-modulated
square wave signal between said first and said second
terminals of said drive circuit.

3. The reverse polarity protected system of claam 1
wherein said low-resistance switch includes a first transistor.

4. The reverse polarity protected system of claim 3
wherein said first transistor 1s an n-channel field effect
transistor (FET) that has a gate terminal, a drain terminal,
and a source terminal.

5. The reverse polanty protected system of claim 4
wherein said first and second threshold voltages are equal to
a physical threshold voltage of said first transistor.

6. The reverse polarity protected system of claim 3
wherein said gate terminal of said first transistor communi-
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cates with the positive terminal of the voltage source, said
source terminal of said first transistor communicates with
said second terminal of said polarity-sensitive device, and
said drain terminal of said first transistor communicates with
the negative terminal of the voltage source.

7. The reverse polarity protected system of claim 6
wherein said first transistor also includes a body terminal
that communicates with said source terminal of said first
transistor.

8. The reverse polarity protected system of claim 1
wherein said polarity-sensitive device comprises a second
transistor and an inductor, wherein said second transistor
communicates with said inductor.

9. The reverse polarity protected system of claim 8
wherein said second transistor 1s an n-channel field effect
transistor (FET) that has a gate terminal, a drain terminal,

and a source terminal.

10. The reverse polarity protected system of claim 9
wherein said source terminal of said second transistor com-
municates with said third terminal ot said low-resistance

switch, said drain termunal of said second transistor com-
municates with a first terminal of said inductor, and a second
terminal of said inductor communicates with the positive
terminal of the voltage source.

11. The reverse polarity protected system of claim 10
wherein said second transistor also includes a body terminal
that communicates with said source terminal of said second
transistor.

12. The reverse polarity protected system of claim 9
wherein said drain terminal of said second transistor 1s a
third terminal of said polarity-sensitive device, and said gate
terminal of said second transistor 1s said control terminal of
said polarity-sensitive device.

13. The reverse polarity protected system of claim 1
turther comprising a load device that communicates with a
third terminal of said polarity-sensitive device, and that also
communicates with the negative terminal of the voltage
source.

14. The reverse polanty protected system of claim 13
wherein said load device comprises a diode and a capacitor.

15. The reverse polanty protected system of claim 14
wherein a first terminal of said capacitor communicates with
a negative terminal of said diode, a second terminal of said
capacitor communicates with the negative terminal of the
voltage source, and a positive terminal of said diode com-
municates with said third terminal of said polarity-sensitive
device.
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